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ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
July 10, 1979 
Massachusetts Institute of Technology 
Lincoln Laboratory 
Post Office Box 73 
Lexington, Massachusetts 02173 
Attention: Purchasing Manager 
Subject: Monthly fiscal status report number 1, "Millimeter Wave Transponder" 




Report Period Total to Date 
Engineering man hours expended 0 0 
Total man hours expended 0 0 
Funds expended $17,500 $17,500 
Material commitments $12,550 $12,550 
The effort is on schedule and within budget as of June 30, 1979. 
Sincerely yours, 
Pope P. Britt 
Project Director 
Approved by: 
W. H. Licata, Chief 
Radar Development Division 
PPB/pdc 
An Equal Employment/Education Opportunity Institution 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 2 and 3, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 7/1/79 through 8/31/79 
Gentlemen: 
In summary 
Report Period 	Total to Date  
Engineering man power expenses 	 0 	 0 
Materials and travel 	 0 $ 17,500 
Total program expenses 	 0 	 $ 17,500 
The effort is on schedule and within budget as of 31 August 1979. 
Sincerely yours, 





D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 4, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 





Total to Date  
Engineering man power expenses 
	
$ 7,298.17 $ 7,298.17 





Total program expenses 7,314.09 24,814,09 
The effort is on schedule and within budget as of 30 September 1979. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 




Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 5, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 10/1/79 through 10/31/79 
Gentlemen: 
In summary 
Report Period 	Total to Date  
Engineering man power expenses 	$ 1,310.79 $ 8,608.95 
Materials and travel 	 6,491.43 	 24,007:35 
Total program expenses 	 7,802.21 32,616.30 
The effort is on schedule and within budget as of 31 October 1979. 
Sincerely yours
, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
/4-_23 94 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 6, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 





Total to Date  
Engineering man power expenses 
	
$ 6,394.78 $ 15,003.73 





Total program expenses 7,7434.91 40,360.21 
The effort is on schedule and within budget as of 30 November 1979. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
uoiskr4,4% Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 7, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 12/1/79 through 12/31/79 
Gentlemen: 
In summary 
Engineering man power expenses 
Materials and travel 
Total program expenses 








The effort is on schedule and within budget as of 31 December 1979. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 8, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 





Total to Date  
Engineering man power expenses 
	
$ 2,482.45 $ 21,129.8 





Total program expenses 4,612.97 49,305.83 
The effort is on schedule and within budget as of 31 January 1980. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 9, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 





Total to Date  
Engineering man power expenses 
	
$ 199.27 $ 21,329.15 





Total program expenses 1,150.89 50,456.72 
The effort is on schedule and within budget as of 28 February 1980. 
Sincerely yours, 




D. D. Irwin 




Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 10, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 3/1/80 through 3/31/80 
Gentlemen: 
In summary 
Report Period 	Total to Date  
Engineering man power expenses 	$ 1,096.22 $ 22,425.37 
Materials and travel 	 2,585.67 	 31,713.24 
Total program expenses 3,681.89 54,138.61 
The effort is on schedule and within budget as of 31 March 1980. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 11, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 4/1/80 through 4/30/80 
Gentlemen: 
In summary 
Report Period 	Total to Date  
Engineering man power expenses 	$ .5,106.20 $ 27,531.57 
Materials and travel 	 3,758.02 	 35,471.26 
Total program expenses 8,864.22 63,002.83 
The effort is on schedule and within budget as of 30 April 1980. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 




Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 12, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 





Total to Date  
Engineering man power expenses 
	
$ 6,185.49 $ 33,717.06 





Total program expenses 6,357.44 69,360.27 
The effort is on schedule and within budget as of 31 May 1980. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 13, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 6/1/80 through 6/30/80 
Gentlemen: 
In summary 
Engineering man power expenses 
Materials and travel 
Total program expenses 








The effort is on schedule and within budget as of 30 June 1980. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
;JV,7,1/611.C., Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 14, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 7/1/80 through 7/31/80 
Gentlemen: 
In summary 
Report Period 	Total to Date  
Engineering man power expenses 	$ 49,760.17 $ 85,685.05 
Materials and travel 	 .18 	 35,716.63 
Total program expenses 	 49,760.35 121,401.68 








D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA. GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	Purchasing Manager 
Subject: 	Monthly fiscal status report number 15, "Millimeter Wave 
Transponder," purchase order number BX-412, covering the 
period 8/1/80 through 8/31/80 
Gentlemen: 
In summary 
Engineering man power expenses 
Materials and travel 
Total program expenses 








The final invoice for the program will not exceed the authorized value of $118,566. 
Sincerely yours, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
July 10, 1979 
Massachusetts Institute of Technology 
Lincoln Laboratory 
Post Office Box 73 
Lexington, Massachusetts 02173 
Attention: T. G. Bryant 
Subject: Monthly Progress Report number 1, "Millimeter Wave Transponder", 
P. 0. number BX-412, covering the period 6-1-79 through 6-30-79. 
Gentelmen: 
The Engineering Experiment Station (EES) of the Georgia Institute of 
Technology has intitiated work on the Millimeter Wave Transponder under purchase 
order number BX-412. This work has been assigned to the Radar Development Division 
of the Radar and Instrumentation Laboratory. Mr. Pope P. Britt, Senior Research 
Engineer, has been assigned the duties of project director. 
All of the millimeter wave components have now been ordered. The major 
components (pulsed Impatt oscillator, mixer preamp, Gunn oscillator, and ferrite 
swithces) were ordered earlier (as necessary spare parts for the Millimeter Wave 
Terminal Homing Sensor) and have been cost-transferred to this project. 
Both of the pulsed Impatt oscillators have been delivered. 
The two impatt sources (one of them is slated for the beacon) perform 
quite differently. Serial No. 012 produces 5 watts of pulse power with an nearly 
uniform (.1- 1.5 dB) power spectral density,300 MHz wide. Serial No. 013 has 7.2 watts 
of pulse power but the spectrum is not spread adequately (--100 MHz) to achieve 
good clutter decorrelation. The upper left picture shows the detected pulse at 0, 
1, 2, and 3 dB attenuation levels to show amplitude responses vs. time. 
The upper right picture shows the pulse with an absorption frequency 
meter set at three different frequencies, to indicate the linearity of the chirp. 
(The width of the absorption is an indication of the chirp rate at each frequency). 
In the lower left is a photograph using a spectrum analyzer set at 100 MHz per division. 
The conclusion is to use the 5 watt source (No. 012) for the radar and designate 
the 7 watt source (No. 013) for the beacon. We plan to attempt to return No. 013 
for a more uniform spectrum, but power output will probably suffer. 
An Equal Employment/Education Opportunity Institution 
Pnge Two 
Mr. Bryant 
July 10, 1979  
Planned work for July includes development of ferrite switch modulator 
circuit and improving impatt oscillator spectrum. 
Sincerely yours, 
ope P. Britt 
Project Director 
Approved by: 
W. H. Licata, Chief 
Radar Development Division 
PPB/pdc 
Georgia institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 2 and 3, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 7/1/79 Through 8/31/79 
Gentlemen: 
Virtually no work was performed on the subject contract due to the fact that the 
appropriate personnel were heavily involved on the terminal homing sensor program. It 
was felt that this was a better use of the manpower since the terminal homing sensor will 
be required by MIT/LL before the transponder, will. 
Respectfully submitted, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN ECL,AL 	 t LDOCAT , ON (01 ,.%0FITUNITY INSTITUTiON 
egf/ 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 4, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 9/1/79 Through 9/30/79 
Gentlemen: 
The activity during the reporting period involved ordering of the remainder of the 
microwave parts required for the beacon transponder. These include a level setting 
attenuator for the local oscillator and the ferrite transmitter attenuator controls. The 
horn antenna was also ordered. 
The local oscillator to be used for the transponder is the same as that being used in 
the terminal homing sensor. This L.O. provides too much power for one mixer, requiring 
that a level setting attenuator be used. 
Also, some of the preliminary circuit concepts were developed. The circuits begun 
were the drive circuits for the ferrite switch and for the transponder attenuator control. 
Respectfully submitted, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN LauAL EMPLOY 	 tOUCAT.ON OP,'CgrUNITY iNSTCrUnON 
41.114.910r, Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 5, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 10/1/79 Through 10/31/79 
Gentlemen: 
During the reporting period, some of the circuit breadboarding was begun, based on 
the preliminary designs developed during the last month. No circuit testing was done 
because the circuits had not been completed. 
Respectfully submitted, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
■ 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNIT`r• INSTITUTION 
, 
	 Georgia Institute of Technology 
; ■ trASAI72; 	 ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 6, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 11/1/79 Through 11/30/79 
Gentlemen: 
During the reporting period the circuit design efforts were continued. The circuits 
were breadboarded and initial tests were begun. 
Also, preliminary packaging concepts were developed, based on the predicted sizes 
of the microwave components. 
Some of the RF components were received and were tested. 
Respectfully submitted, 




D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EOUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 7, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 12/1/79 Through 12/31/79 
Gentlemen: 
During the reporting period the packaging concepts began to take shape. A heavy 
duty chassis with adequate space for the top panel layout, circuits and power supplies 
was located. Design of the actual mounting plate was begun. Power supplies for the 
circuits were ordered. In the case of the 70 volt supply required for the transmitter, a 
design was begun. 
More of the RF components were received and tested in the millimeter lab for loss 
and VSWR characteristics. 
Jim Scheer traveled to G.E. Utica for discussions with General Electric personnel 






D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 8, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 1/1/80 Through 1/31/80 
Gentlemen: 
During this period the mounting plate was fabricated and mounting of the wave-
guide components was begun. Also, the plans for locations for the various other compon-







D. D. Irwin 
Associate Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTIQN 
t 	_•;t 
• T..,,Y011 ,t6V 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 9, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 2/1/80 Through 2/28/80 
Gentlemen: 
Little work was performed during this period because the key personnel were 
heavily involved in supporting the terminal homing sensor activities. Fabrication of the 
final circuits was begun at the end of the month. 
Respectfully submitted, 




D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 10, 
"Millimeter Wave Transponder," P. O. Number BX-412, 
Covering the Period 3/1/80 Through 3/31/80 
Gentlemen: 
During the reporting period, circuit testing was resumed and fabrication of the 
waveguide parts to the main chassis was resumed. 
Respectfully subpitted, 
, 




D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 11, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 4/1/80 Through 4/30/80 
Gentlemen: 
During the reporting period the circuit for the transmitter attenuator driver was 
modified to include a liquid crystal display read-out for the operator to use to determine 
the amount of transmitter attenuation he had inserted. The circuit uses an integrated 
circuit digital voltmeter, whose read-out can be seen through the front panel. 
Respectfully supmitted, 




D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL ENIPLOYMENT:EOUCATION OPPORTUNITY INSTITUTION 
• 	 .t; • 
	
• 	 .7! 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 12, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 5/1/80 Through 5/31/80 
Gentlemen: 
During this reporting period the final configuration of the circuits were all com-
pleted and tested with the RF components. The timing and control circuits were modi-
fied to provide the capability to operate the system as a beacon transponder, a radar, or 
an externally controlled transmitter. Variable delay was incorporated in the beacon 
mode and a variable PRF is provide for the radar mode. Both video and IF are supplied 






D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
trri 
"zro,41:10:koi; 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA. GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 13, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 6/1/80 Through 6/30/80 
Gentlemen: 
Final assembly of the transponder was completed during the reporting period. The 




Power Supplies; and 
IF Channel. 
Final System tests were begun on the system. 
Respectfully submitted, 




D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL ENIPLOYMENT/EOUCATION OPPORTUNITY INSTITUTION 
qt*Id.nyn 
	 Georgia Institute of Technology 
S 	
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 14, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 7/1/80 Through 7/31/80 
Gentlemen: 
Final system tests were completed on the transponder. One problem in particular 
that required a circuit modification involved the tendency for the transponder to oscil-
late, or transmit sequence of pulses with no excitation. A logic error produced this 
phenomena and was easily corrected. 
Respectfully submitted, 




D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EOUCATION OPPORTUNITY INSTITUTION 
Georgia Institute of Technology 
ENGINEERING EXPERIMENT STATION 
ATLANTA, GEORGIA 30332 
27 March 1981 
Massachusetts Institute of Technology 
Lincoln Laboratory 
P. 0. Box 73 
Lexington, MA 02173 
Attention: 	T. G. Bryant 
Subject: 	Monthly Contract Technical Status Report No. 15, 
"Millimeter Wave Transponder," P. 0. Number BX-412, 
Covering the Period 8/1/80 Through 8/31/80 
Gentlemen: 
During this reporting period the only activity on the project involved delivery of 
the transponder. 
Respectfully submitted, 




D. D. Irwin 
Associated Division Chief 
RAIL/RDD 
AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION 
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LIST OF FIGURES 
SECTION 1 
INTRODUCTION 
As part of the Massachusetts Institute of Technology, Lincoln Laboratory 
(MIT/LL) terminal homing studies program, Georgia Institute of Technology, 
Engineering Experiment Station (GIT/EES) developed a 95 GHz beacon transponder 
to be used with the helicopter borne millimeter wave radar system. The trans -
ponder was built in accordance with purchase order BX-412. 
The transponder is described in Section 2, and operating procedures are 
provided in Section 3. Test data are presented in Appendix A, and schematic 




2.1 GENERAL  
The transponder is self-contained in a ruggedited metal container. 	All 
circuits, RF components (including the horn antenna), and DC power supplies are 
included in the container. 
When the cover is removed from the transponder assembly, the front panel 
becomes exposed. All operating controls and millimeter wave RF components are 
accessible at the front panel. 
2.1.1 LAYOUT 
Figure 1 shows the layout of the major components as seen on the front 
panel. All of the major components can be removed without disassembly of the 
transponder beyond removal of the cover, with the exception of the modulator for 
the transmitter. Removal of any of the electronic circuits requires disassembly 
of the cover panel. 
2.1.2 TRANSPONDER CONTROLS 
Figure 2 shows a drawing of the front panel of the transponder with the 
labels for the controls and test points. The MODE control in the bottom left 
quadrant selects between beacon, remote, and radar modes of operation. The 
DELAY control varies the delay between the received pulse and the transmitted 
pulse when in the beacon mode. The PULSE RATE control determines the pulse 
repetition rate of the transmitter when in the radar mode. In the REMOTE mode, 
the input trigger is applied to the coaxial connector in the upper left hand 
quadrant labeled TRIGGER IN. Power is applied to the transponder by turning on 
the toggle switch in the lower right quadrant labeled POWER. The RECEIVER 
ATTENUATOR control determines the receiver gain. The IF OUT connector provides 
a sample of the IF signal out of the receiver. The VIDEO connector provides a 
sample of the video signal out of the receiver. The video signal is internally 
compared to a variable threshold signal to produce the synthetic video output. 


















Figure 1 Transponder Layout 
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Figure 2 Transponder Controls 
Two synchronization pulses are provided on coaxial connectors for synchron-
ization purposes. They are the pretrigger and the transmit trigger. The trans-
mit trigger occurs simultaneously with the transmit pulse. The pretrigger pre -
cedes this pulse by approximately eight microseconds. The transmitter power can 
be varied by means of the transmitter attenuator control. The graph shown in 
the lower right quadrant is a calibration curve for the liquid crystal display 
giving transmitter attenuation value. 
2.2 OPERATING MODES  
The transponder has three basic operating modes: beacon mode, remote syn-
chronization mode,and radar mode. In the beacon mode of operation, the unit 
first receives a signal from the radar which begins the synchronization cycle. 
A variable delay is inserted and the transponder produces a transmitted pulse 
back to the radar. The amount of delay is adjustable by means of a front panel 
control on the transponder. The transponder has a receiver attenuator control 
to adjust its sensitivity and a threshold control to adjust the sensitivity of 
the synthetic video. The transponder also has a transmitter attenuator to con -
trol the power level transmitted by the transponder. 
In the remote synchronization mode, the transmitter is synchronized by means 
of an external pulse applied to the Trigger In connector on the front panel. In 
this mode, the receiver attenuator and threshold controls have no significance 
since in this mode the transponder is not used to receive a signal. The pulse 
repetition rate using the remote mode is limited to a maximum of 20 KHz. 
In the radar mode of operation, the transponder is self-exciting, that is, 
it generates its own transmit pulses at a pulse rate determined by a front panel 
control. After the transmitter transmits, the receiver is turned on to receive 
any target returns. In this mode, the transponder can also be used as a signal 
generator providing test targets for a radar. The transmitter attenuator con-




3.1 GENERAL DESCRIPTION  
The transponder is self-contained in a rugged metal container with a handle 
on the removable lid for convenience in transporting. Operation of the trans-
ponder requires removal of the lid. With the lid removed, all controls and 
connectors are acessible to the operator. 
3.1.1 OPERATING PROCEDURE (BEACON MODE) 
1. Apply primary power to the unit--110 VAC, 60 Hz, 1 q. 
2. Select BCN operating mode. 
3. Turn the main power switch to ON. 
4. Point the horn antenna in the general direction of the radar. 
5. Adjust the threshold and receiver attenuator controls for stable 
operation. 	An oscilloscope may be useful in determining stable 
operation. It would be appropriate to view either synthetic video 
or pretrigger or both. 
6. Adjust the DELAY to that desired. 
7. Adjust the TRANSMITTER ATTENUATOR control for sufficient power 
level without overloading the radar receiver. 
3.1.2 OPERATING PROCEDURE (RADAR MODE) 
In the radar mode, the gain of the horn antenna is such that only very 
strong (high RCS) targets can be seen beyond minimum range (determined by 
receiver recovery time). It is advisable to replace the horn antenna with one 
having a higher gain. 
1. Apply prime power to the unit--110 VAC, 60 Hz, 1 q. 
2. Select RADAR operating mode. 
3. Turn the power switch to ON. 
4. Point the antenna toward the target of interest. 
5. Adjust the PULSE RATE control for desired PRF. 
6. Adjust the TRANSMITTER ATTENUATOR control to the attenuation 
required for adequate target return without saturating the 
receiver. 
6 
3.2 THEORY OF OPERATION  
Figure 3 shows a block diagram of the transponder. In the beacon trans-
ponder mode of operation the sequence of events is as follows. An RF pulse from 
the radar enters the horn antenna and goes through the circulator to the 
receiver protector. 	The receiver protector is normally in a low attenuation 
mode so that the signal is received in the mixer preamplifier. 	The 95 GHz 
signal is mixed with the local oscillator signal to provide a nominal 750 MHz 
intermediate frequency (IF). 	The high pass filter at 500 MHz and low pass 
filter at 1,000 MHz set the receiver bandwidth centered at 750 MHz. 	The IF 
amplifier provides sufficient power level for the detector to detect the signal 
from the radar. 
The output of the IF amplifier is split to provide an IF output signal to 
the front panel and to provide a signal for the detector and the video 
amplifier. The output of the video amplifier goes to a connector on the front 
panel and is also applied to a threshold circuit which provides synthetic video 
out to the front panel. The threshold is varied by means of the threshold con-
trol on the panel. The synthetic video signal is internally applied to a timing 
circuit which begins the transmitting cycle for the transponder. 
Before the transmitter can provide a pulse, the receiver protector must be 
put into the high attenuation state. At pretrigger time, the receiver protector 
coil is energized to accomplish this. After approximately eight microseconds, 
the transmitter is given a modulator pulse so that it can transmit a pulse. The 
delay between the time a synthetic video pulse is received and the transmit 
cycle begins is varied by means of the beacon delay control on the front 
panel. The transmit pulse can be varied in power by means of the transmit 
attenuator control on the front panel. This control varies the current through 
the transmitter attenuators. The current is read and displayed on a liquid 
crystal display on the front panel to provide an indication of the amount of 
attenuation inserted. Transmitter trigger generator board A2 provides the 
timing and control signals for the operations described above. Modulator pulse 
generator Al provides the pulse for the transmitter and includes the fail safe 
circuit which insures that the receiver protector in the high attenuation state 
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In the radar mode of operation, the transmitter runs at a rate determined by 
the pulse rate control on the front panel. It is not necessary for the receiver 
to receive a pulse from the radar to trigger the transmitter as it is in the 
beacon mode. The pulse repetition rate is limited to 20 Hz in the radar mode. 
The transmitter trigger generator board A2 generates the pulse sequence required 
for the system to operate as a radar. As in the beacon mode, the modulator 
pulse generator provides the fail safe to insure that the receiver is protected 
during transmit pulse. After the transmitter pulse is generated, the receiver 
protector switches to the low attenuation mode so that the receiver can be used 
to detect targets. The receiver operates in the same manner for the radar mode 
as it does in the beacon mode. 
In the remote synchronization mode, the transmitter transmits a pulse in 




This appendix includes the test data on the various components of the beacon 
transponder. The major components, model number, and applicable serial numbers 
are listed below. 
Component 	 Vendor 	 Model 	 S.N. 
Transmitter 	 Hughes 	 47156H-1051 	 013 
Transmit Attenuators 	Baytron 2R-29 (modified) 
Circulator 	 TRG 	 W164 	 58 
Circular Polarizer 	 TRG 	 W882 	 28 
Antenna 	 TRG 	 W863C 	 14 
Receiver Protector* 	 TRG W-120 (modified) 
Mixer/Preamp 	 TRG 	 W9625-13 	 011 
L.O. Attenuator* 	 Baytron 	 3R1 
L.O. 	 TRG 	 B936WS 	 47 
IF Attenuator 	General Microwave 	 D195 
High Pass Filter* 	 Cirqtel 	(M5-5)FHT/7-480-9/50-28A/28A 
Lo Pass Filter* 	 Cirqtel 	(M5-5)FLT/2-1020-9/50-28A/28A 




WAVEGUIDE SIZE 	WR - 10 	
FLANGE MIL F-3922/  6713 - 010 
MODEL NO. 	4715611-1051 
SERIAL NO. 	 013 
SALES ORDER NO. 	 AL,4 -17FIA_  
FRFOUENCY RAND 	94,29 - 94,750 	GHz 
CEN SLR Ffif OUENCY 	94 	500 	 GHz 
PO VI 13 OU !PUT (Pf AK ) 	5.1 	 W. (MIN) 
FRI OULNCY CHIRP 	_500 	 MO? . (MAX) 
PHI SE WIDTH 	 100 	n SEC. 
PHI SE PEPE- 11110N EREOHENCY 	4n 	KHz (MAX) 
PULSED IMPATT OSCILLATORS 
iill,,Fif 	AIT2C PA[ T CnimpAT. 4y 
RECTROI1 MIMICS 011/7510)7 
Al I !,PI CI f• ICA I IONS APPLY A.! 75 °c. AMIIIENT 1 EMPF RA LURE 
INPl115  
1 I Itivl 	,M1111 , 111(11'. 3 5 V po , ,rlivo. 1:Vicit11, 100300 n 	 IITICIritAnce at trtrivi 
apck,u,: 2(1(11.1 ,	I ,Ine itelav Hese:Pen AIiIIIT I pulse leading edge and IIF oumut pulse approx. 
100 120 n easc 	f nulput puke e,Irlt11 and amplitude ate independent of trigger pulse width and 
ampl,Inde.) 
10 ■,%, 	 c,11,1t 	mirled for pulse connection between 
11n1I,11,1tot sm 	cm' 
• CI f? RINI DRAWN 	SL) PP( Y R IS PRF I. PE N 	N 
MEP SLIRMF,NTS TAKEN WITH T,R .C3 FREQ. METER ?I - 3 1 1 2 6 . CAVITY TEMP SET (I 460t. 
CAUTION: FOR SAFE opERATION OF 'TILE TMPATT DEVICE, SEE OPERATIONAL PRECAUTIONS 
AND RECOMMENDED TURN-ON AND TURN-OFF SEQUENCES, 
	
0.5 V DC 	@ 	120 
0 VDC 	(ris 	130 	
2.2 
mA (APPROX) 
mA (APPROX) . @ PRF OF 50KHz 
	A (MAX) 
A. 	 28 V 
R. 	70_V 
A If St 	12Si V 
1.7 rJ ■ iv 
11 
i) Et)Ay) 1 E..cti. 	 1,0 - 43 7 - O)  
70F; .D 10 De. ioc-T11 4 E 
0E4i suMil, 
Po-mat: Derecrep 
e., ZO A sec /D; ✓ . 
        
3pEcT/ev 
1/04 	/0 0 A 4 I/ 7P is V. 
V tEa_T : 10815 pi +l.  
t- f-4. 9 3.8e0 cc H t. 
12 
OPERATIONAL PRECAUTIONS: 
The components of this system including 'MPATT source, isolator/circulator, pulse 
modulator and pulse cable have been factory adjusted as a single unit to provide 
the operational characteristics. Field adjustments of the components and/or  
interchange of components with others may result in improper operation and/or  
damage, and should not be attempted. 
The modulator has circuitry for protection against overvoltage and reversed polarity 
on the imputs. However, if such conditions occur with large currents drawn from 
the power supplies, certain components in the modulator may be damaged. 
All of the large heat generating components in the modulator are heat-sunk to the 
modulator case. Conduction cooling of the modulator case sufficient to transfer 
the powers is recommended. 
Input connections should be made with power supplies off. SMA connectors of the 
pulse cable must he firmly tightened before power supplies are turned on. Con-
nection  or disconnection of pulse cable with DC  power may damage the IMPATT source. 
Connection or disconnection of the trigger cable during operation may damage the  
IMPATT. 
Proper and safe operation of this unit requires a clean trigger source. Multiple 
input pulses or noisy pulses may damage the IMPATT device. The PRF should not 
be changed during operation. Switching of the trigger source during operation is 
to be avoided as this may monentarily cause noisy or multiple triggers. The 
modulator should not be operated near high noise generating equipment such as fans 
and motors. 
The following turn-on and turn-off sequePce is recommended. Failure to follow tie 
recommended sequence may result in damage to the IMPATT device. 
TURN-ON SEQUENCE: 
1. Modulator standby switch to "OFF". 
2. Input trigger source established at proper pulse width, PRF and 
amplitude. 
3. Power supplies "ON". 
4. Standbly switch to "ON". 
TURN-OFF SEQUENCE: 
1. Standby switch to "OFF". 
2. Power supplies to "OFF". 
13 
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V.S.W.R. AND AXIAL RATIO VS. FREQUEY,CY 
FINAL TEST DATA 
TRG MODEL W9625-13 
94.5 GHz BALANCED MIXER/PREAMPLIFIER 





	 +1.0 GHz 
LO FREQUENCY: 
	 93.75 GHz 
LO DRIVE POWER: 
	 3 mW Typical, 10 mW Maximum 
IF FREQUENCY (MHz) NF DSB 	(Incl. IF Contrib) 
500 5.3 dB 
600 5.7 dB 
700 5.2 dB 
800 5.0 dB 
900 5.4 dB 
1000 5.7 dB 
RF to IF Gain: 35.5 dB 0.7 dB 
RF, LO Input VSWR: LT 	2.0:1 
Power Requirement: 	+ and -15 Vdc WRT Grnd 
70 mA Typical 
NOTE: All tests were made at 25°C. 
I/Jeri? 
n Putnam, Prod Engineer 
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FREQUENCY MULTIPLIER SOURCE DATA SHEET 
MODEL NO. B936WS 
SERIAL NO. 47 
10 September 1979 
OUT 
	 93.75 GHz 
tOP 	 OUT 
25°C +16.1 dBm 
30°C 	 +16.0 dBm 
35°C +15.8 dBm 
40°C 	 +15.4 dBm 
45°C +15,3 dBm 
50°C 	 +15.0 dBm 
+ 38°C (tO ) 	 15.5 dBm 
tOP 	 OUT 
93.3 GHz 	 +13.1 dBm 
93.75 GHz +16.1 dBm 
94.5 GHz 	 +13,1 dBm 
GUNN OSCILLATOR BIAS CONDITIONS 
ITH 	 1.5 A 
VTH 	+ 1 . 2 Vdc 
IOP 	1.15 A 
VOP 	+3.8 Vdc 
20 
ZONE I ITS 
REVISIONS 








12.4-18 GHz HP P752C HP P752C HP P382A HP P532A HP P382A 
,STIEEP C&CILIATOR Ku Ku Ku Ku Ku 
10 dB COUPLER! 10 dB COUPLER ATTENUATOR FREQUaNCY METER ATTENUATOR HP 8690 	HP 8695B 
TRG B551 TRG B510 TRG Ku936B JUNCTION DEVICES HP P382A HUGHES 1177H 
30-50 GHz 33-50 	GIlz FREQUENCY 28P1 ISOLATOR Ku TWT AMPLIFIER 
ATTENUATOR ATTENUATOR TRIPLER ATTENUATOR 
TRG 59986100 B93FW* TRG W510 TRG W551 TRG W559-10 ANRITSU PIP82B1 ANRITSU ML81A 
ISO LATOR FREQUENCY 75-110 GHz 75-110 GHz 10 dB COUPLER METER POWER THERMISTOR 


























PART NUMBER MATERIAL mArt. SPEC DESCRIPTION 
LIST OF MATERIAL 
	 OvmEnal•• VRAVVN at 
/// 
ATE 
ALPHA INDUSTRIES. INC. 	1R8 
OIMTP11.0.• ••• N 1.c.•• 
TO AAAAA 	 X• 
XX -* -0X 	 XXXX • 000• 
•XX 	 DO• w O •• 
CHECKED NY X■awaaaoa 
" --rft-Xy /-1- 
	
3 736 V/ 	FREQUE/VC Y 
MULTI PL/ F/NAL 71- f.-,T SET 
Clt,TION 
U LLLLL V.r• ORANIVO 	 +MI 
wUT.00 ,11.1 	 Ibir.wox0 	 wfti.now 
t• NOT TO 	 ■ ••le, 00ft ••••■ U• 
11,(=TUoteow. 	• ■ ,••■,•• 
A•010./.0 
••• 	-• 1, 1. 	 ..... 
DESIGN ACTIVITY •••ftovAL SIZE 
B 
CODE (DENT NO. 
53536 (00,,025(1,10 GROUP 
OR 
PART 
NEXT ASS,' FINAL ASSY NEAT ASSY USED ON 
OINLA 	L.c 	••■• ■Jvhi. 
QUANTITY REQ'D APPLICATION 
PE.Movt ■ uft• • •af,• 









with integral driver 
The Series D195 Attenuator/Modulator integral driver 
provides voltage controlled linear attenuation of 10 dB 
per volt. 
POWER SUPPLY REQUIREMENTS  
+12V at 100 mA (max) 
-12V at 20 mA (max) . 
CONTROL REQUIREMENTS  
Input Impedance 	 10 K ohms (nominal) 
Control Input Signal 	0 to +6V 
Range 
GENERA! MICROWAVE CORPORATION 
7 ‘,.\ -'■ 7)1( -2244, 4 -A, 5/26/76 
22 	 .n LS 
Series D195 
ABSORPTIVE MODULATORS 
with integral drivers 
(Preliminary Specifications) 
A NEW SERIES 
• S, C AND X-U BAND MODULATORS 
• HIGH PERFORMANCE SPECIAL MIC 
QUADRATURE HYBRID DESIGN 
• 50 ns SWITCHING SPEED 
• 60 dB DYNAMIC RANGE 
• 2.0 MAX VSWR 
APPLICATIONS 
• LEVEL SETTING 
• AMPLITUDE MODULATION 
• PULSE MODULATION 
• SWITCHING 
The Series D195 family of fast linear absorptive mod-
ulators are current controlled PIN diode attenuators 
covering the frequency range from 2 to 18 GHz with 
three models: Model D1952, from 2 to 4 GHz; Model 
D1954, from 4 to 8 GHz; and Model D1958, from 8 to 
18 GHz. All models are capable of extended bandwidth 
operation with moderate degradation in performance. 
The rf circuit in this series uses two shunt arrays of PIN 
diodes and two quadrature hybrid couplers as depicted 
in figure 1. The hybrids are of a unique GMC microstrip 
design which readily integrates the hybrid with the 
diode array in order to yield a minimal package size. 
The integral driver provides voltage controlled linear 
attenuation of 10 dB per volt. All modulators in this 
series provide up to 60 dB of attenuation, with better 
than 50 ns switching speeds in either direction when 
switching between insertion loss and any attenuation 
level. 
Standard options include a 20 dB per volt transfer func-
tion and operation from *15 V power supplies in place 
of *12 V. Units are also available without integral 
drivers as the Series 195. Consult the data sheet for that 
series for full technical details. 
-v 
Figure 1. Series D195 
23 
Convnght 1976 General microwavr rfIrrinrlt ■ on 
Series D195 
ABSORPTIVE MODULATORS 














D1952 2-4 60 < 50 1.5 
1.5 
1.5-4.5 60 < 1.8 2.0 
D1954 4-8 60 < 50 2.0 1.7 
3-9 60 50 2.2 2.2 
D1958 8-18 60 < 50 2.5* 1.8* 
6-18 60 '_<50 2.5* 1.8* 
flri either direction between insertion loss (IL) and any attenuation level, as measured from 10% 
to 90% of the rf power output. 
*Except from 16 to 18 GHz where IL is 3.5 dB max and VSWR is 2.0 max. 
POWER HANDLING CAPABILITYtt 	 100 mW average 
POWER OVERLOAD 	 1 W average, 70 W peak** 
NOMINAL TRANSFER FUNCTION 	 10 dB/volt 
LINEARITY OF TRANSFER CURVE See figure 2 
CONTROL SIGNAL INPUT VOLTAGE RANGE 0 to +6 V 
CONTROL SIGNAL INPUT IMPEDANCE 	10K ohms (nominal) 
POWER SUPPLY REQUIREMENTSt 	 +12 V @ 100 mA (max) 
-12 V @ 20 mA (max) 
ttpower rating is for continuous operation within specifications from 
-54 ° C to +110° C 
**Max pulse width 1µs @ +25°C linearly degraded to 20 W, 1µs 
@ +110° C 





MAXIMUM DEVIATION ( -I- dB) FROM 
NOMINAL ATTENUATION AT 
10 dB 20 dB 40 dB 60 dB 
D1952 
2-4 0.3 0.8 1.5 1.6 
1.5-4.5 0.5 1.4 3.0 3.5 
D1954 
-4-8 0.3 0.8 1.5 1.6 
3-9 0.5 1.4 3.0 3.5 
D1958 
8-18 0.7 1.0 1.5 1.6 






































2 	 3 	 4 	 5 	 F 
CONTROL VOLTAGE-VOLTS 
Figure 2. Transfer Curve with Envelope of Typical Deviation 
ENVIRONMENTAL LIMITS 
Temperature OPERATING AND NON-OPERATING: 
—54°C to +110°C 
Humidity 	M)L-STD-202C, Method 103B, Cond. B 
(96 hrs. at 95%) 
Shock 	MIL-STD-202C, Method 213, Cond. B 
(75 G, 6 ms) 
Vibration 	MIL-STD-202C, Method 204A, Cond. B 
(.06" double amplitude or 15 G, whichever is less) 
Altitude 	MIL-STD-202C, Method 105C, Cond. B 
(50,000 ft.) 
Temperature MIL-STD-202C, Method 102, Cond. D 
Cycling 	5 cycles 
OPTIONS 
When ordering options please add the selected option 
number to the basic model number; for example, 
D1952-10. 
OPT NO. DESCRIPTION 
7 Two SMA male rf connectors. 
10 One SMA male and one SMA female rf connector. 
61 20 dB/volt transfer function with 0 to +3 V control 
signal input. 








(7,) ---- (30,5) 
1.80 .41 	
(45,7) 
RF CONN 121 SOLDER TYPE 
TYPE SMA FEMALE FILTER TERM (3) 
	
SIG 









.104 DIA THRU 
(26) 2 HOLES (125,70 ) 
■ 
Ma 














.11— 1 ' 30 
(33,0) 
SOLDER TYPE 




MTG HOLES 	.13 
.104 DIA THRU 	(3,3) 
(2,6) 2 HOLES 41. 
,0 8 --ow— 
(2,0) 
APPROX WT: 1 oz, 28.4 gin 
D1958 
RF CONN (2) 	 SOLDER TYPE \ 
















.104 DIA THRU 
(2,6) 2 HOLES 
MTG 
SURFACE 
(3,3 1  ) 
—4. .50 
12,71 
APPROX WT: 1 oz, 28.4 gin 
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This appendix includes the schematic designs of the following subassemblies: 
Al Mod Pulse Generator 
A2 Transmit Trigger Generator 
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